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Abstract 
The undergraduate population in pharmaceutical science is now more diverse than ever before, presenting considerable 
teaching challenges as educators are faced with increasing student numbers, lack of space availability and a desire to 
provide a more integrated approach to teaching and learning. Education technologies can play a pivotal role in engaging 
these technologically adept students but only when used in an effective and appropriate manner, however there is not as 
yet a consensus as to how effective these technologies might be in pharmaceutical sciences education. 
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Abbrevations: CAL: Computer Assisted Learning, VR: 
Virtual Reality, AR: Augmented Reality, 2D: 2-
Dimensional, PBL: Problem Based Learning, 3DVT: 3D 
Visualisation Technology. 
 
Introduction   
     The undergraduate population in pharmaceutical 
science is now more diverse than ever before and the 
literature is full of studies trying to pigeon hole students 
into generations [1]. The most recent of these 
generations, those students born post-1980, have been 
termed the internet generation, generation Y and digital 
natives; while the concept of the ‘digital native’, defined as 
being an individual who have an innate confidence in 
using technology [2], may not accurately portray the 
technological capabilities of all students coming through 
higher education [3] it is still a useful idea to incorporate 
into teaching and learning. These students reportedly 
have different attitudes to their studies, different learning 
styles and patterns of behaviour to those who have gone 
before them [4-6]; they have the expectation that their 
studies should be meaningful [7] in a way that previous 
generations of students may not have done. It would seem 
that the days of students listening to didactic lectures 
while scribbling notes onto paper notepads are long gone. 
 
Technology and Active Learning 
     Active learning strategies are featuring far more widely 
in HE, as teachers develop clearer understandings of how 
students prefer to learn and how they can work together 
to enhance that process; indeed Hyun, et al. [8] evaluated 
student satisfaction of their learning processes in an 
active learning classroom and found that this was 
significantly increased when compared to satisfaction 
measured in traditional classrooms [8]. Not only was that, 
but an increase in satisfaction with group learning noted 
in student’s evaluations of their individual learning. 
Whether we believe in artificially grouping students into 
generations there is no doubt that the students born in 
the 80s and later have been surrounded by technology all 
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of their lives; however we would be foolish to assume that 
all these students are equally comfortable with using all 
forms of technology available to them [9,10, 6]. 
 
     Technology in Higher Education is changing at a rapid 
rate; distance learning courses are able to take advantage 
of these developments to ensure that student interactivity 
with the tutors and their peers is enabled, leading to 
effective learning despite tutors and students possibly 
never actually meeting face to face [11,12]. This ‘anytime, 
anyplace’ learning isn’t confined to distance learning 
courses however– in the 1990’s the extent of learning 
technology was limited to email and online chat 
rooms/discussion boards (assuming you had a 
particularly forward thinking tutor); many courses in 
2018 now utilise blogs, wikis and podcasts as part of their 
learning and teaching strategies [13]. Such methods of 
teaching and learning are used to great advantage in both 
individual and group course work, allowing students to 
interact with one another when they are off campus or 
over the vacation periods. Social networks are used not 
only for students to communicate socially but also to help 
build a community feel for the cohort; issues such as 
internet connection, students lack of familiarity with the 
technology however may limit the usefulness of social 
networks in this context [14]. 
 
Advancement in Technologies 
     Education technology appears to be more widespread 
in higher education than at school level, however with 
improvements in availability and affordability this may 
change moving forward. At a University level the majority 
of tutors are familiar with, and regularly make use of, 
technology such as power point, multimedia and 
simulation technology. More recently, student response 
systems (e.g. clickers) are being used in teaching sessions 
to gain the immediate feedback students appreciate, with 
the added benefit that the tutor can immediately see how 
well their students grasp the material [15]. 
Pharmaceutical science students may also have access to 
computer assisted learning (CAL) packages to help them 
understand the action of various drugs, pharmacokinetics 
etc., instead of carrying these experiments out in a 
traditional laboratory using animal tissue [16]. Although 
these technologies have been in use for many years, 
issues pertaining to decreased funding, increasing student 
numbers and the need to reduce, refine and replace the 
use of animals/animal tissues have ensured that these 
technologies are moving more into the spotlight. 
 
     The development of virtual reality (VR), augmented 
reality (AR) and 3D learning environments have added 
new and powerful tools to the range of educational 
technology available [17-19]. In both 2010 and 2011, the 
annual HORIZON report which discusses the emerging 
technologies likely to have a significant impact on 
teaching and learning in higher education, highlighted 
game-based learning and AR amongst other strategies for 
enhancing and improving education in the medical and 
medical science fields [20,21]. Students studying many of 
the pharmaceutical sciences are required to have a sound 
knowledge of the position of organs in the body 
(anatomy) and of their functions (physiology). This 
presents a teaching challenge as organs are 3-dimensional 
(3D) in nature; therefore their structure and connections 
to other body systems are not easily illustrated by 2-
dimensional (2D) graphics. Traditionally anatomy is 
taught through cadaver dissection, however with the 
increase in active learning such as CAL and problem 
based learning (PBL) the time available for dissection 
classes has become less and less. Add to this the ethical, 
emotional and availability issues that surround cadaver 
dissection and it becomes evident that alternative 
methods for teaching anatomy are required [22]. 
 
The Power of 3D 
     3D visualisation technology (3DVT) is of significant use 
in the physical sciences, such as chemistry, maths and 
engineering, with far fewer reports being found looking at 
this technology in the pharmaceutical and medical 
sciences limiting the literature available to evaluate the 
pedagogical effectiveness of 3DVT [23], although this is 
beginning to change. 3DVT is effective in the study of 
drug/receptor interactions [24], and an increasing body 
of evidence suggests that this technology has benefits for 
the pharmaceutical sciences and medicine [25,26]. 
Results are not clear-cut however; with some studies 
indicating that this technology has specific benefits, such 
as improvements in spatial ability) while not improving 
learning over all [27]. Two meta-analyses conducted in 
2015 and 2016 each came to a different conclusion. One 
that 3DVT was effective in both the acquisition of factual 
anatomy and spatial anatomy knowledge [28], findings 
supported by the studies of Nicholson et al. [29], and 
Peterson and Mlynarczyk [26]. The second concluded that 
the use of 3D models could not be determined as superior 
to traditional teaching [30]. Evidently this is a field that 
requires further evaluation if the pedagogical 
effectiveness of 3DVT in pharmaceutical science 
education is to be fully understood. 
 
Summary 
     Students engage better and improve their learning and 
problem solving abilities, when technology is used 
appropriately and in an effective manner [31-34]; just 
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because students are technologically savvy in their day to 
day lives does not mean that those skills automatically 
translate over to education technology. While the use of 
3DVT has significant potential in the teaching of the 
pharmaceutical sciences, the evidence in the literature is 
still unclear as to its full benefits. This gap in knowledge 
must be closed if this technology is to be utilised in the 
most effective and appropriate manner, and to deliver the 
full benefits to those studying biological, medical or 
pharmaceutical sciences. 
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